We estimated black hole masses and Eddington ratios for a sample of X-ray-selected active galactic nuclei (AGNs) in the fields covered by the Great Observatory Origins Deep Survey (GOODS). The spanned ranges in redshift (0:4 < z < 1) and hard X-ray luminosity (10 42 P L X P 4 ; 10 43 ergs s À1 ) allow us to study a representative subsample of the main contributors to the 2Y10 keV X-ray background. Nuclear and bulge magnitudes in four bands have been measured via a two-dimensional decomposition applied to HST ACS images. Using the black hole versus bulge luminosity relation and the intrinsic nuclear emission, we derived the black hole mass and the AGN bolometric luminosity. We find in our sample that (1) the X-rayYtoYoptical indices are larger than in optically selected QSOs, as expected due to the X-ray selection); (2) the X-ray bolometric corrections are generally small, suggesting a decrease with the nuclear luminosity; (3) the Eddington ratios are about a factor 10 below the values found at higher redshift and luminosity; (4) the central black holes have rather large masses; and (5) at least for z P 0:8, a scarceness of black holes with mass M BH 10 6 M and accretion rate near the Eddington limit: this result could be ascribed to a decline in their number density, or it could suggest a substantial accretion at higher redshift (z k 1) also for these smaller black holes.
INTRODUCTION
Recent Chandra and XMM-Newton deep surveys ( Brandt et al. 2001; Rosati et al. 2002; Hasinger et al. 2001 ) have resolved $90% of the 2Y10 keV X-ray background (hereafter XRB; see Bauer et al. 2004 ). The main contribution to the XRB in this energy range is due to a mixture of obscured and unobscured active galactic nuclei (AGNs), with a redshift distribution peaking at $0.7 (Szokoly et al. 2004) , and a major contribution in the interval 0:4 < z < 1 from objects with X-ray luminosities between 3 ; 10 41 and 10 43 ergs s À1 ( Ueda et al. 2003) . The mass accreted onto the central supermassive black holes (SMBHs) of these z < 1 AGNs is estimated to be $30% of the total mass density accreted at any redshift ( Marconi et al. 2004; Shankar et al. 2004 ). An important question is whether this accreted mass is on average falling onto SMBHs already having very large mass (ÁM acc /M BH T1), or if the accretion is occurring on smaller SMBHs. The first regime corresponds to Eddington ratios k ¼ L bol /L Edd T1 and can be associated with reactivation of preexisting black holes (BHs), while the latter corresponds to k P 1 and is associated with the main episode of growth of lower mass BHs. This issue is relevant in order to reconstruct the detailed cosmic history of SMBH accretion. As an ultimate goal, one should match the mass function of the BH accreted mass with the local mass function of the quiescent BHs (see, e.g., Salucci et al. 1999; Yu & Tremaine 2002; Marconi et al. 2004; Shankar et al. 2004) .
The detailed history of SMBH accretion is also a relevant clue to understand the observed relationships between the mass of local SMBHs and the mass and luminosity (Kormendy & Richstone 1995; Magorrian et al. 1998; McLure & Dunlop 2002; Marconi & Hunt 2003) or the velocity dispersion (Ferrarese & Merritt 2000; Gebhardt et al. 2000; Merritt & Ferrarese 2001; Tremaine et al. 2002) of the spheroidal component of their host galaxies. Eventually, this will cast light on physical processes involving both the SMBH and the host galaxy (Silk & Rees 1998; Granato et al. 2001 Granato et al. , 2004 Hopkins et al. 2005) .
In this paper we estimate the BH mass, the bolometric luminosity and the Eddington ratio for a representative sample of low-luminosity X-ray-selected AGNs in the redshift interval 0:4 z 1.
The data demands are substantial for a study such as ours. High spatial resolution and high signal-to-noise ratio data in the X-ray produced by the Chandra observations in the Chandra Deep Fields South and North (Giacconi et al. 2002; Rosati et al. 2002; Alexander et al. 2003) are of fundamental importance to select low-luminosity AGNs. We also need optical images with excellent spatial resolution and very high quality photometry, in order to disentangle the galactic and nuclear components, and to estimate the AGN bolometric luminosity and the BH mass. In this respect the Great Observatories Origins Deep Survey (GOODS; see Giavalisco et al. 2004 ) is really unique; in fact, in addition to deep X-ray and optical images from the Chandra X-Ray Observatory and the Hubble Space Telescope (HST ), it also exploits extensive follow-up work with ground-based telescopes, extending the sampling of the electromagnetic spectrum of the sources up to the radio wavelength.
The paper is organized as follows. In x 2 (but see also Appendix A) we describe the sample selection and list the different data sets available. In x 3 we introduce the morphological analysis carried out (details are reported in Appendix B) and discuss the results of the decomposition. Section 4 is devoted to recover the nuclear properties (i.e., BH masses and nuclear bolometric luminosities). In x 5 our findings are discussed and compared with results from the literature. Finally, in x 6 we summarize our work. If not otherwise stated, throughout this paper magnitudes are given in the AB system, and hard X-ray luminosities are in the 2Y8 keV energy range (when necessary, converted from L 2Y10 keV assuming a power-law X-ray spectrum with photon index À ¼ 1:8: L 2Y8 keV /L 2Y10 keV ' 0:84). We assume a cosmology with M ¼ 0:3, Ã ¼ 0:7, and H 0 ¼ 70 km s À1 Mpc À1 (Spergel et al. 2003 (Spergel et al. , 2007 .
SAMPLE SELECTION
The starting point for the present work is the deep, highresolution optical imaging performed in the F435W, F606W, F775W, and F850LP filters with the Advanced Camera for Surveys (ACS) onboard HST in the framework of the GOODS program. In the following, we refer to these four passbands as B, V, i, and z, respectively. GOODS covers a total area of 320 arcmin 2 in two fields centered on the Chandra Deep FieldYSouth (CDF-S) and the Chandra Deep FieldYNorth (CDF-N). These two regions have been targets of deep X-ray pointings (1 Ms [see Giacconi et al. 2002; Rosati et al. 2002; Alexander et al. 2003 ] and 2 Ms [see Alexander et al. 2003 ], respectively) carried out by Chandra. Overall, 80% of objects have redshift information. If we restrict ourselves to the CDF areas covered by GOODS, $98% of the X-ray objects have optical counterparts. In the GOODS north field, 63% and 17% of the X-ray sources have spectroscopic and photometric redshift, respectively; in the south area these percentages increase to 68% and 32%, respectively.
We collect all the sources in the Chandra X-ray catalogs lying in the GOODS fields with redshift (spectroscopic or photometric) between 0.4 and 1, and with X-ray luminosity L 2Y8 keV > 10 42 ergs s À1 in order to select bona fide AGNs ( Zezas et al. 1998; Moran et al. 1999) . They amount to 66 sources, 88% of them having spectroscopic redshifts. The redshift interval is chosen to bracket a significant fraction of the low-luminosity sources contributing to the XRB. The upper bound z ¼ 1 is imposed by the need of a sufficient signal-to-noise ratio to make a morphological analysis for most of the sources. This upper limit on the redshift also ensures that the observed z-band is always sampling the optical rest frame. In order to carry out the morphological analysis described in the next section, the simultaneous availability of high-quality, noncrowded B, V, i, and z ACS subimages (cutouts) is essential. This selection reduces the sample to 25 sources in the CDF-S and 28 in the CDF-N (sample A).
Full details of the selection process are given in Appendix A. Here let us note that the X-ray sources in the GOODS fields with a redshift determination cover the same region in the F X -F opt plane as the whole database of the ''GOODS X-ray sources'' (see Fig. 1 , top panel ), although most of the objects without redshift determination have faint optical counterpart. According to a bidimensional Kolmogorov-Smirnov (K-S) test, there is no evidence that the two samples are drawn from different distributions (the K-S probability is $60%). This makes us confident that selecting only sources with redshift determination does not induce a bias toward optically bright objects. Moreover, assuming the black hole massYbulge luminosity relations, we can estimate how bright a bulge with a given black hole mass would be at a given redshift: in the bottom panel of Figure 1 , we compare the tracks for three black hole masses ( from top to bottom, M BH ¼ 10 5 , 10 6 , 10 7 M ) with the distribution of the optical magnitude of X-ray sources in the GOODS fields with a redshift determination. The selected range in redshift and the available magnitudes do not imply that we are forced to study only black hole with large masses. Figure 2 shows how the sample A is distributed in redshift (top left panel ), hard X-ray luminosity (top right panel ), and optical magnitude (bottom panel ). The spikes visible in the redshift distribution trace the large-scale structure identified in the whole CDF-S at z ¼ 0:67 and z ¼ 0:73, both in the optical ( Vanzella al. 2005) and in the X-ray ranges (Gilli et al. 2003) , and at z $ 0:85 in the CDF-N (see Barger et al. 2003; Gilli et al. 2005) .
We have removed from the sample A objects with a close companion (within a projected radius of 2 00 , without distinction between physical interaction or projection effect; see also Appendix B); in this way the analyzed sample (sample B) reduces to 34 objects (19 in the CDF-S and 15 in the CDF-N ), listed in Table 1 . As is apparent in Figure 2 , the redshift and luminosity distributions of the sample B (hatched areas) match the distributions of the sample A, apart from a slight dearth of objects with z k 0:8. According to a K-S test, we cannot prove that the two samples are drawn from different hard X-ray luminosity or redshift distributions (the K-S probabilities are 99% and 75%, respectively).
The contributions to the hard XRB 7 of the sample A is 16%. In Figure 3 we compare the total contribution to the hard XRB computed from the CDF-S plus ASCA sample (Della Ceca et al. 2001; long-dashed , and good cutouts in all bands; see x 2); hatched areas show the same distributions for the analyzed sources (sample B). Redshifts are from Szokoly et al. (2004) , Grazian et al. (2006), and Zheng et al. (2004) for the CDF-S, and from Barger et al. (2003) for the CDF-N; luminosities are from Alexander et al. (2003) ; i-band magnitudes are from the GOODS ACS catalog (see footnote 12).
(dashed line): this comparison shows that with the analyzed sources we are sampling in an uniform way the same range of flux of the sample A. In summary, sample B is considered representative of the whole population of X-ray sources with spectroscopic or photometric redshifts between 0.4 and 1 and luminosity L 2Y8 keV > 10 42 ergs s
À1
, and only scaled (i.e., sparsely sampled) by a factor 7. Both the sample A and the analyzed objects cover the luminosity range 10 42 L 2Y8 keV 3 ; 10 43 ergs s
, while only few sources exhibit larger luminosity. Taking into account the redshift and luminosity distributions, we can conclude that the sample B is representative of the AGNs contributing to the XRB at z 1 (see, e.g., Fig. 16 in Ueda et al. 2003) .
Data from U-band to IR, available thanks to the remarkable multiwavelength coverage of the two GOODS fields, are used to construct multiwavelength spectral energy distributions (SEDs) for the analyzed objects, see x 3:
CDF-S.-GOODS has imaged these fields at 3.6, 4.5, 5.8, and 8.0 m with the Infrared Array Camera (IRAC) onboard Spitzer. For each field, observations have been divided into two epochs, with a mean exposure time per channel per sky pointing of approximately 23 hr per epoch ( M. Dickinson et al. 2007 in preparation) . In this work we will make use of the Spitzer data for the CDF-S as analyzed by Grazian et al. (2006) . The GOODS field of the CDF-S has also been the target of a deep imaging campaign in the near-infrared with the ESO telescopes. A large field (20 0 ; 20 0 ) has been covered with the SOFI instrument at the New Technology Telescope (NTT) in the J and K s bands as part of the Deep Public Survey carried out by the ESO Imaging Survey (EIS) program; the data are described in Vandame et al. (2001) . An H-band survey of the CDF-S, encompassing the spatial coverage of the EIS observations, has been carried out with the same instrument; the results are presented in Moy et al. (2003) . The GOODS field is being covered by deeper observations in the same near-IR bands with the ISAAC instrument at the VLT. These data have been partially released by ESO and will be used in this work. 8 We also make use of U-band data taken with the ESO Wide Field Imager (WFI) at La Silla (Chile), which are part of the EIS public survey (Arnouts et al. 2001) , as well as recent U images with VLT-VIMOS imager. The WFI images have been obtained in two filters, the so-called U 35 and U 38 filters, with an exposure time of $54 and $75 ks, respectively. The U-band image of VIMOS is based on a redder filter and has an exposure time of $10 ks. The coverage with VIMOS of the GOODS field centered on the CDF-S is partial, since the observing program has not been completed yet.
CDF-N.-In the CDF-N IR information has been collected matching our sources with the HK 0 catalog of Capak et al. (2004) , ; see Tozzi (2001) ; (2) the contribution of our initial selection (sample A: GOODS X-ray sources with spectroscopic or photometric redshifts between 0.4 and 1, observed hard X-ray luminosity L 2Y8 keV > 10 42 ergs s À1 and with good cutouts in all bands; continuous line); (3) the contribution of the analyzed sources, as in Table 1 (sample B; dashed line). The top dotted lines refer to previous measures of the unresolved hard X-ray background; from bottom to top : Marshall et al. (1980) , Ueda et al. (1999) , Ishisaki et al. (2001) , and Vecchi et al. (1999) . covering an area of 0.1 deg 2 centered on the CDF-N. The HK 0 filter covers both the H and K 0 bands in a single filter; it allows a greater depth but involves some loss of color information. HK 0 data have been collected using the QUIRC camera on the University of Hawaii 2.2 m telescope, with a 3:6 0 ; 3:6 0 field of view and with an AB magnitude limit across the field of 22.1 (in a 9 0 ; 9 0 field around the CDF-N the band reaches a limit of 22.8 mag).
DATA ANALYSIS
In order to disentangle the main galactic components (nucleus, bulge, and disk) for the AGNs in our sample, we adopt a twodimensional fitting approach, applied to the GOODS HST ACS images. In particular, to separate a typically faint nucleus from the surrounding bright bulge, we need to determine accurate and quantitative morphological information. It has been shown that modeling in two dimensions allows a better estimate of the parameter values in a bulge-disk decomposition (e.g., Byun & Freeman 1995; Wadadekar et al. 1999) . To perform the fit we use the twodimensional image decomposition program GALFIT (Peng et al. 2002) . A galaxy model is applied, composed by a bulge, a disk, and a nuclear source. The details of the procedure, as well as how we estimated the errors associated with the magnitudes of the different components, are presented in Appendix B. Here we want to stress that in our surface photometry decomposition we take advantage of images in four different bands, in which the components of the host galaxy have a different relative importance. Results for the 34 sources analyzed are reported in Table 2 (magnitudes of the nucleus in cols. In Figure 4a we show as an example the result of the decomposition in a typical case (ID 34, CDF-S; z ¼ 0:839). Similar images for all the analyzed sources are presented in the electronic edition. The residuals after subtracting the final model (bottom panels) from the original images (top panels) in the four bands show that the object is well modeled, apart from the residuals tracing the spiral arms (never accounted for in the applied galaxy model) and some particularly intense spots of emission.
Since the analysis is carried out separately in the four bands, no a priori constraint is imposed on the measured spectral energy distributions for the individual components: bulge, disk, and nucleus. It is worth recalling that reddening may significantly affect the observed SEDs. Intrinsic nuclear emission in the UV and optical ranges may be altered by dust absorption from circumnuclear and/or more diffuse component(s). The latter is also relevant for the galactic components, particularly for the disk, which is composed by younger and bluer stars.
Bearing this in mind, as a first test of the goodness of our analysis we compare the resulting SEDs with suitable templates. SED templates for the bulge have been derived using a set of single stellar population (SSP) SEDs.
9 From this set of SEDs we select a template representing the ''typical'' elliptical galaxy at z $ 0, by comparison with a mean local spectrum ( For both metal contents, integrated spectra of SSP of different ages have been compared with the mean empirical spectrum, finding the age that provides the best agreement: 10 Gyr for Z ¼ 0:05, and 11 Gyr for Z ¼ 0:02. For the two metallicities, having fixed the epoch of formation, we compute the integrated SSP spectrum at the redshift of each analyzed source. While for the bulge component we assumed that stars formed in a single burst, for the SEDs of the disk component we assumed a continuous star formation during its life. The SSPs used are the same as for the bulge. Finally, to check the nuclear optical SED, we adopt the QSO template spectrum of Cristiani & Vio (1990) down to 538 8, modified as described by Cristiani et al. (2004) and Monaco & Fontanot (2005) and extrapolated to 300 8 using f / À1:75 (following Risaliti & Elvis 2004 ). In Figure 4b (left panel) we show the comparison of the decomposed SEDs with the three templates and the magnitudes for the whole galaxy in all the available bands for a generic case ( ID 34, CDF-S; z ¼ 0:839). The same comparison for the whole sample is shown in the electronic edition. For the bulge component the observed SEDs are in good agreement with the template ( 2 per degree of freedom between 0.8Y0.9 and 1.3Y1.5). We stress that the bulge component is expected to be less affected by absorption. Even for the disk component very good agreement is generally found, without invoking large correction for absorption.
Concerning the nuclei, the agreement of the observed SEDs with the template is good for 70% of the analyzed objects; in the remaining 10 cases the emission in the V and especially B bands is lower than expected from the SED normalized to the i and z bands. The presence of significant obscuration around these nuclei is confirmed by their high column density, N H ! 10 22 cm
À2
, inferred from their X-ray emission.
Fluxes from the decomposition and templates have also been compared with the magnitudes for the whole galaxy recovered from the GOODS catalog, as well as with the magnitudes in the IR (including data from Spitzer) and U band, when available. For the U-band and Spitzer data the angular resolution is not good enough to let us to make a morphological decomposition. Nevertheless, we can obtain important indications by comparing the observed total fluxes with the sum of the templates of bulge, disk, Fit of the templates ( bulge, dashed line; disk, dotted line; nucleus, solid line) to the decomposed optical magnitudes for the different components ( bulge, squares; disk, stars; and nucleus, circles), and comparison of the sum of the templates (dot-dashed line) with the fluxes observed from the whole galaxy in all the available bands (diamonds); a contribution from a circumnuclear torus (long-dashed line), adapted from the mean SED of a typical Seyfert 1 galaxy reported in Granato & Danese [1994] ), is assumed to account for Spitzer data. Right panel: Fit of the QSO template (solid line) to the nuclear SED (optical magnitudes, circles; and X-ray flux, squares; gray areas represent the uncertainty in the optical emission, estimated as described in x 4.2, and the consequent uncertainty in the UV range). [See the electronic edition of the Journal for a color version of this figure.] and nucleus, normalized to the decomposed magnitudes. In particular, we are able to reproduce the Spitzer data by assuming a contribution from a circumnuclear torus, as observed in a typical Seyfert 1 galaxy (see Granato & Danese 1994) .
The constraints derived from the observed IR emission for the flux expected on the basis of this reconstruction are particularly important when the nuclear component is dominant and tends to overwhelm the emission from the host galaxy: in these cases the magnitudes determined for bulge and disk are not completely reliable, and this may affect the BH mass determination (see x 4.1). As described in more detail in x 3.1, in such cases we can only provide upper limits for the bulge magnitudes; constraints imposed by the observations in the IR range prevent us from overestimating this fainter component.
The bulge component is relevant not only in the estimate of the nuclear contribution, but also in determining the BH masses (see x 4). Therefore, we checked that the relation between the effective radius r e and the surface brightness within it, SB e , is consistent with that derived for local samples. In particular, from Figure 5 it is apparent that the bulges derived through our analysis are distributed in the r e -SB e plane as the sample of nearby elliptical galaxies and bulges studied by Bender et al. (1992) . It is interesting to note that the same region of the plane is occupied by the bulges of local Seyfert galaxies, as determined by Granato et al. (1993) , as well as by a sample of early-type galaxies at higher redshift (see Fasano et al. 1998 ).
Host-dominated and Nucleus-dominated Sources
When the optical images are dominated at all wavelengths by one of the galaxy components (nucleus, bulge, or disk), the other components cannot be tightly constrained.
In sources dominated by the AGN (two objects in the present sample), we can only put upper limits to the host component by minimizing the nuclear contribution (which is well constrained). We put a threshold on the nucleus-to-total luminosity ratio N /T (reported in Table 4) in the z band of N /T (z) ¼ 0:2 as a fiducial value to identify the galaxies affected by this problem. For the two analyzed sources satisfying this criterion (ID 42, CDF-S, N /T (z) ¼ 0:329; and ID 201, CDF-S, N /T (z) ¼ 0:293),we proceed as follows.
1. We assume for the QSO template a normalization 2 lower than the best fit (where the uncertainties are evaluated as described in Appendix B), determining a minimum value for the nuclear magnitudes in the four bands.
2. Assuming these nuclear magnitudes, we rescale the bulge component 10 until the observed value of the total fluxes is reached. 3. Finally, we compare the new galaxy reconstruction (i.e., the sum of the templates of bulge and nucleus rescaled) with the emission in the IR bands, checking that the new estimate does not overpredict (at more than 2 level) the emission at wavelengths greater than 1 m.
For both sources we find that the bulge luminosity can increase up to a factor of 10 with respect to the result of the decomposition. We consider these values robust upper limits.
On the other hand, when the optical emission is dominated by the host galaxy components (bulge and/or disk, six objects), the nuclear contribution provided by GALFIT could be a lower limit to the actual one. We reanalyzed separately the six sources with nucleus-to-total luminosity ratio in the V band N /T (V ) < 0:05 (see Table 4 ).
1. We assume for bulge and disk templates a normalization 2 lower than the best fit (where the uncertainties are evaluated as described in Appendix B), determining a minimum value for their magnitudes in the four bands.
2. Upper limits to the nuclear magnitudes are then calculated imposing that the total (host plus nucleus) values are equal to the observed ones.
3. We check that the new estimate of the nucleus in the U band is not higher (at more than 2 level) than the observed flux.
Again, the results of this procedure are considered robust upper limits to the nuclear luminosity.
RECOVERING THE NUCLEAR PROPERTIES
Disentangling the different galactic components as described in x 3 and in Appendix B provides detailed information on the bulge and nuclear luminosity. This information is relevant in order to study the nuclear activity of the galaxies in our sample. In x 4.1 we present our derivation of the BH mass, while the bolometric luminosity is evaluated from optical and X-ray nuclear luminosities as described in x 4.2.
Black Hole Masses
Starting from the absolute magnitudes of the bulge component, we obtain an estimate of the mass of the central compact object, 10 We note that for both the sources reanalyzed the disk component is not requested in the fit. Table 2 and Table 3 (with a K-correction applied to convert the observed i-band AB magnitudes in rest-frame V-band Johnson magnitudes). The distribution found for the analyzed sources is in good agreement with that of local elliptical galaxies and bulges studied by Bender et al. (1992) converted in the V band assuming B À V ¼ 0:96 and corrected for the different cosmology adopted (crosses in the figure) . The same region in the SB e -r e plane is occupied by the 18 bulges of Seyfert 1 and Seyfert 1.5 galaxies observed in the V-band by Granato et al. (1993) , corrected for the different cosmology adopted (dots). We also find a good agreement with the distribution reported by Fasano et al. (1998) for a sample of 23 early-type galaxies with spectroscopic redshift z P 3:4, with K-and evolutionary corrections applied (see their Fig. 6 ) and corrected for the different cosmology adopted (open squares).
exploiting the observed local relationship between BH mass and bulge component luminosity. Several versions of this relation have been proposed with the bulge luminosity evaluated at electromagnetic bands ranging from B to K (see, e.g., Kormendy & Gebhardt 2001; McLure & Dunlop 2002; Marconi & Hunt 2003) .
In order to compute the BH mass, we assume that (1) in this relation the absolute magnitude of the bulge strictly mirrors the mass in old stars, M bulge , which is the quantity primarily related to the BH mass; and (2) the M bulge -M BH relation is imprinted at high redshift, driving the main episode of accretion.
The latter hypothesis is supported by the findings of Peng et al. (2006) , who show that the M BH -M R relations for five AGNs at z 1 are compatible with the local relation, once passive evolution of the stellar population is allowed for, and by McLure & Dunlop (2002) , who, analyzing with the same technique a sample of 72 active galaxies (Seyfert galaxies and QSOs) at z P 0:5, demonstrate that AGN host galaxies at these redshifts follow a relation between BH mass and bulge luminosity consistent with that of local quiescent galaxies. There are claims that the correlation between BH mass and bulge velocity dispersion could be subject to a cosmic evolution ( Woo et al. 2006) ; however, such a behavior would produce BH mass estimates slightly higher than that presented in the following. On the other hand, it is hard to imagine how a significant independent evolution can lead to a M bulge -M BH relation with a scatter as small as that reported e.g., by Ferrarese & Ford (2005) .
The relation with the total R-band magnitude of the bulge reported in McLure & Dunlop (2002) for a sample of 20 inactive E-type galaxies at z $ 0 and converted to H 0 ¼ 70 km s of nearby inactive ellipticals is in good agreement with equation (1), once the different cosmology is taken into account (even if in this second case the scatter is larger, 0.39 dex). It is worth noting that equation (1) has been derived using B-and V-band magnitudes, translated to R band assuming average colors (B À R) ¼ 1:57 and (V À R) ¼ 0:61. The relation reported by Marconi & Hunt (2003) exploits the K-band magnitudes and on average predicts BH masses higher by about 0.3 dex at fixed luminosity. The difference could be ascribed to the uncertainty in evaluating the bulge component of spiral galaxies of the observed sample (Shankar et al. 2004) . The relationship estimated by Kormendy & Gebhardt (2001) using B-band bulge luminosities yields BH masses larger at most by about 0.2 dex than those predicted on the basis of equation (1). On the other hand, Bernardi et al. (2007) and Tundo et al. (2006) have suggested that the M BH -L relation is biased toward predicting more massive black holes for a given luminosity. The intrinsic M BH -L relation proposed by Bernardi et al. (2007) in the range of luminosities of interest for the present work yields BH masses that are very close to the corresponding ones of equation (1) (Álog M BH 0:2).
In the following we conservatively adopt the relation proposed by McLure & Dunlop (2002) , which yields the lowest mass estimates. The BH masses quoted in the following could be a factor of 1.5Y2 higher (and, correspondingly, the Eddington ratios lower by the same factor), if the relationships proposed by Kormendy & Gebhardt (2001) or by Marconi & Hunt (2003) were used.
In order to estimate the rest-frame R-band magnitude at z $ 0 for the bulges in our sample, we started from the SSP SEDs normalized as described in x 3 (K-correction) and computed their passive evolution up to the present epoch. 11 The R-band magnitudes obtained by using the two metallicities introduced in x 3 are very similar, within 0.1 mag for all the sources. The mean of the R-band magnitudes, as well as the BH masses obtained from equation (1), are reported in Table 5 . For sources dominated by the nuclear component or by the host galaxy, the same fit has been also carried out assuming for the bulge the magnitudes recovered as described in x 3.1. The corresponding upper or lower limit to the mass of the central BH is reported as a second line in Table 5 .
Errors for the R-band magnitude of the bulge component are evaluated by quadratically summing two different contributions:
1. The uncertainties associated with the decomposed magnitudes propagate on to the best-fit normalization of the elliptical template adopted in computing the R-band magnitudes: for each source, we repeat the fit changing the normalization of the template until Á 2 ¼ 1, and we compute the R-band magnitudes corresponding to the minimum and maximum values of the normalization.
2. The difference between the R-band magnitudes found by using for the SSPs two different metallicities (see x 3) is assumed as an estimate of the error induced by selecting that particular templates to represent a local inactive galaxy (i.e., by choosing the two above-mentioned pairs age/metallicity).
When propagated to yield the uncertainties of the BH masses, the contribution due to the error in M R is always negligible with respect to the scatter in the relation described by equation (1).
The masses are distributed over two decades, 2 ;10 6 M BH 2:5 ; 10 8 M ; only 3 out of 34 objects have M BH 10 6 M .
AGNs at low redshift span the whole range in mass, while at the upper end of the redshift distribution only large (M BH > 10 7 M ) BH masses are found (see Fig. 6 , top panels). No obvious selection effects, in this regard, have been identified. Such a behavior seems to be an intrinsic property of the sample. We do not see any correlation between the estimated bulge luminosity and the X-ray luminosity. As a consequence, no correlation is found also between BH mass and X-ray luminosity.
Nuclear Bolometric Luminosities
In order to gain insight into the accretion rates powering these sources, we need to investigate their nuclear bolometric luminosity. We compare the nuclear emission (i.e., the X-ray flux, totally ascribed to the AGN, and the optical nuclear magnitudes) to SEDs of active nuclei with different X-rayYtoYoptical ratios. In these SEDs, the high-energy emission is described as a power law with photon index À. For the optical bands we adopt the QSO template spectrum described in x 3.
These SEDs (describing the emission of a type 1 AGN ) must be compared with the intrinsic nuclear emission, which in case of absorbed sources could be very different from the observed one. The problem is tackled starting from the X-ray spectral analysis and assuming the picture proposed by the unified model:
1. X-ray emission:
(a) We de-absorb the X-ray flux, adopting for the CDF-S sources the intrinsic N H quoted by Tozzi et al. (2006) ; since the analysis of CDF-N X-ray emission does not include an intrinsic absorption, we derive it from the hardness ratios and redshifts, assuming a mean photon index À ¼ 1:8. As shown in Table 5 , only one object of the sample exhibits a hydrogen column density N H ' 1:5 ; 10 24 cm À2 (Compton-thick candidate).
(b) We recover the intrinsic X-ray luminosity normalizing a power-law spectrum having the same X-ray photon index of the source (for the CDF-S) or with À fixed to 1.8 (for the CDF-N ) so that it matches the intrinsic X-ray flux.
Optical bands:
(a) We compare the QSO template spectrum with the optical nuclear magnitudes, computing
where b is a normalization constant, while F obs; j , F templ; j , and j are the observed and template fluxes, and the uncertainty of the former, in the optical band j, respectively. (b) Normalizing the QSO template with the value of b corresponding to the minimum value for 2 , we obtain the optical contribution to the bolometric luminosity.
(c) If N H > 10 22 cm À2 (this is the case of about two-thirds of the analyzed sources), the presence of dust in the central regions could affect seriously our estimate of nuclear magnitudes. In this case, we prefer to ignore the fluxes in B and V band (where the effects of the absorption are more severe), rather than to assume a quite arbitrary correction factor. So, only the i and z magnitudes are considered in the fit.
We remind the reader that the mid-IR fluxes detected by Spitzer for 18 of the southern objects analyzed are well explained by the expected contribution from the dusty torus around the nucleus (see the left panel of Fig. 4b for the representative source, and the corresponding figure in the electronic edition for the others). On the other hand, the torus emission is just the reradiation of a fraction of the ''isotropic'' radiation from the very nuclear region (see, e.g., Granato & Danese 1994) . So, the IR emission from the putative torus should not be included in the budget of bolometric emission for type 1 AGNs and even for type 2 AGNs, when correction for absorption is done at shorter wavelengths, as in our case. The right panel of Figure 4b shows the result of the fit in the generic case, the source CDF-S ID 34 (z ¼ 0:839); fits for the other sources are shown in the electronic edition. Notes.-Col.
(1): source number, as in Table 1 ; col. (2): redshift for the optical counterpart, as in Table 1 ; col. (3): X-ray absorption, from Tozzi et al. (2006) for the CDF-S, and as recovered from the hardness ratios reported in Alexander et al. (2003) , assuming À ¼ 1:8 for the CDF-N; col. (4): unabsorbed X-ray luminosity in the 2Y8 keV band; col. (5 ): bolometric luminosity, recovered as described in x 4.2; col. (6): absolute magnitude of the bulge component in the R band rest-frame corrected for passive evolution (see x 4.1); col. (7): mass of the central BH, computed from eq. (1); col. (8): Eddington ratio, defined as k ¼ L bol (ergs s À1 )/(1:3 ; 10 38 M BH [M ] ). In the case of nucleus-dominated or host-dominated sources (according to the criteria established in x 3.1), the second line shows the parameters obtained starting from the upper limits to the optical magnitudes determined as discussed in the same section.
We identify two possible sources of uncertainty in our estimate of the bolometric luminosity:
1. A systematic error induced by the selection of one spectral shape common to all the sources for the optical emission: for each source, starting from a spectral shape f k / k we determine the scatter in the optical luminosity due to a different choice in the slope ( ¼ À1:37 AE 0:25, as recovered by Fontanot et al. [2006] by averaging out the rest-frame spectra of 215 SDSS QSO). The scatter, calculated assuming as a pivot the flux at the frequency corresponding to the i-band wavelength in the observed frame, results to be of the order of Álog L ¼ 0:2.
2. The uncertainties associated with the decomposed magnitudes propagate on to the best-fit normalization of the QSO template: for each source we repeat the fit changing the normalization of the template until Á 2 ¼ 1.
Bolometric luminosities with the estimated errors are shown in Table 5 . Their dependence on redshift and hard X-ray luminosity is shown in Figure 6 (middle panels). In host-dominated objects the nuclear flux provided by the decomposition could be underestimated. For these six sources, the same procedure has been applied also assuming as nuclear magnitudes the upper limits recovered as described in x 3.1. The corresponding upper limit to L bol is reported as a second line in Table 5 . While the upper limits of their optical nuclear luminosity may be a factor up to 200 larger than the decomposed ones, the bolometric upper limit is larger by factor of 10, at most. We find bolometric luminosities in the range 10 43 L bol 10 45 ergs s
À1
, with only one exception (the source CDF-S ID 42, L bol ' 5:9 ; 10 45 ergs s
). The X-rayYtoYoptical ratios and the hard X-ray bolometric corrections span the range between À1.4 and À0.9, and between 6.8 and 46.7, respectively.
DISCUSSION
The analysis presented in the previous sections highlights some interesting properties of this sample of X-ray-selected AGNs:
1. In several objects the nuclear optical luminosity is very low and, correspondingly, the estimated spectral index ox ¼ log (L [2500 8] /L[1 keV])/ log (½2500 8/ ½1 keV) (see Zamorani et al. 1981 ) is large. In the top panel of Figure 7 we report the distribution of spectral indices recovered from the decomposition (solid line; the mean value for the error on ox is 0.05). In particular we obtain h ox i ' À1:1, compared to the median ox ¼ À1:51 found for a sample of SDSS AGNs by Strateva et al. (2005) (Fig. 7,   Fig. 6 .-BH masses (top panels), bolometric luminosities (middle panels), and Eddington ratios (bottom panels) vs. redshift (left panels) and unabsorbed hard X-ray luminosity (right panels) for the analyzed sample. Triangles indicate sources for which we are confident that the results from the morphological decomposition are reliable. For nucleus-dominated or host-dominated sources (according to the criteria established in x 3.1), filled circles and squares mark the upper limits to M BH and L bol , respectively; open symbols mark the values obtained from the decomposition. Stars emphasize the cases in which we find low X-ray bolometric correction, L bol /L X < 10; the dotted line in the plot of bolometric luminosities vs. hard X-ray luminosities represents this threshold, while the dashed lines correspond to the ''extreme'' values for the X-ray bolometric correction reported in x 5. Only mean error bars are reported to avoid clutter. For the distribution of L bol vs. L X (middle right panel ), we plot the component of the error on L bol that is independent from the error on L X . As a comparison, we overplot to our distribution of masses and Eddington ratios versus redshift the mean (within Áz ¼ 0:1 bins) values found by McLure & Dunlop (2004) for their full SDSS quasar sample (long-dashed line). [See the electronic edition of the Journal for a color version of this figure. ] dotted line in top panel ). Even including for the host-dominated sources the ox obtained assuming the upper limits to the optical emission, the mean spectral index does not change much, h ox i ' À1:2 (the distribution is shown as hatched area in the top panel of Fig. 7) , reinforcing the claim that our selection picked out sources rather different from the SDSS sample. We may expect that the X-ray selection at very low flux limits singles out objects exhibiting ox lying in the distribution at the opposite side with respect to the values found for optically selected QSOs. Strateva et al. (2005) found evidence of an increase of the hard X-rayY toYoptical luminosity ratio with decreasing optical luminosity (see their Fig. 11 ). It is worth noting that the average value of the spectral index of our sample falls on the extrapolation of the correlation between X-ray and UV emission found by Vignali et al. (2003) for optically selected QSOs and confirmed by Strateva et al. (2005) . In Figure 8 we compare our results with their data (see the caption for an explanation of the symbols). Thus the trend of increasing the X-rayYtoYUV luminosity ratio with decreasing UV luminosity is confirmed down to very low luminosity L 2500 8 $ 10 27 ergs s À1 Hz À1 . 2. The bolometricYtoYX-ray luminosity ratio, i.e., the X-ray bolometric correction k X , turns out to be generally small. Its distribution is peaked around k X ' 10, with a tail extending to k X ' 50, a median value k X ' 12, and a mean error of 0.5 (see the bottom panel in Fig. 7 ; the hatched area marks the distribution after the correction applied for host-dominated sources). In particular, objects with low k X could be the analogs of X-ray AGNs found in optically normal galaxies (e.g., the so-called XBONGs; see Comastri et al. 2002; Severgnini et al. 2003; Brusa et al. 2003) . We can compare the distribution of k X in our low-luminosity X-ray-selected AGNs with bolometric corrections reported in literature for different samples of AGNs, first of all the sample of optically bright quasars studied by Elvis et al. (1994) . If we remove the IR contribution (i.e., nuclear emission reradiated by the circumnuclear torus) from their observed bolometric luminosities, the median bolometric correction is k X ' 25. Note that in this sample of QSOs the emission in the 0.1Y1 m range of wavelengths yields on average about 30% of the bolometric luminosity, while in our sample the percentage is lower, about 8%. The Strateva et al. (2005 ) for the X-ray-detected sources in their ''main'' SDSS sample (155 objects with 0:1 P z P 4:5). same analysis applied to the sample of type 1 AGNs listed by Kuraszkiewicz et al. (2003) yields a median k X ' 18 with a maximum value k X ' 60 for AGNs with 10 43 L 2Y10 keV 10 46 ergs s À1 . X-ray bolometric corrections in the range k X ' 12Y18 have been derived for low-luminosity type 1 AGNs by Fabian (2004) . Our results suggest that the average bolometric correction for the X-ray emission k X might be a decreasing function of the X-ray luminosity, as indicated also by Shankar et al. (2004) and Marconi et al. (2004) .
3. For our sample the Eddington ratios, k ¼ L bol (ergs s À1 )/(1:3 ; 10 38 M BH ½M ), do not exhibit any significant correlation with either redshift or X-ray luminosity ( Fig. 6, bottom panels) . In general, we find rather low Eddington ratios. This is an inevitable consequence of finding AGNs of very low luminosity (all but one in our sample exhibit 10 43 L bol 10 45 ergs s À1 ) in galaxies with large bulge component. We plot in Figure 9 the Eddington ratios as function of bolometric luminosities for our sample and for the PG QSO sample studied by Vestergaard & Peterson (2006) . The authors derived BH masses and bolometric luminosities for a large fraction of PG QSOs at redshift z 0:4, by exploiting the most recent calibration of the BH mass as function of the H broadband luminosity and FWHM. The behavior of the PG QSO sample is quite similar to that found for QSOs at higher redshift. For instance, Kollmeier et al. (2006) found Eddington ratios in the range 0:1 k 1 for a sample of powerful AGNs covering the redshift range z $ 0:3Y 4, and Warner et al. (2004) estimated that 27% of their QSO sample (0 z 5) exhibits k ! 1. The two samples compared in Figure 9 are probing different, but complementary, ranges of bolometric luminosity and redshift. It is apparent that the low-luminosity sample contains a large fraction of AGNs with quite small Eddington ratio. The small number of objects with large L bol and small k is related to the empirical limit to the BH mass, which cannot exceed several thousandths the mass of the stars in the host galaxy (see, e.g., Magorrian et al. 1998; Gebhardt et al. 2000; see Ferrarese et al. 2006 for a recent discussion). In fact, large bolometric luminosities (L bol ! 10 47 ergs s
À1
) would obviously be easy to observe; but coupled with small Eddington ratios (k 10 À1 ), they would imply BH masses M BH ! 10 10 M , as apparent in Figure 9 . These masses would be larger than several percent of the mass in stars of the largest galaxies (M 10 12 M ). On the other hand, our sample contains galaxies with large halos and, therefore, large central BH masses, hosting low-luminosity AGNs radiating at largely sub-Eddington regime. In Figure 10 we report the estimate of the Eddington ratio as a function of the BH mass for our sample and for the PG QSOs of Vestergaard & Peterson (2006) . Woo & Urry (2002) noted that in their compilation there was no object with L bol 10 44 ergs s À1 and k k 1. This deficit was ascribed by these authors to difficulty in selecting such AGNs due to dilution by host galaxy light. On the other hand, our selection is designed to set up a fair sample of lowluminosity AGNs. Indeed, as a result, we find in our sample a few AGNs with L bol 10 45 ergs s À1 and k $ 1. Finally, the tail of the nuclear X-ray emission (10 41 L 2Y10 keV 10 42 ergs s À1 ) at very low Eddington ratios, k P 10 À3 , in a redshift interval very similar to ours, 0:3 < z < 0:9, has been detected by Brand et al. (2005) with the stacking technique applied to a sample of red galaxies (i.e., galaxies with significant bulge and, by implication, Eddington ratios for the analyzed sample. Symbols without arrows refer to sources for which we are confident that the results from the morphological decomposition are reliable. Arrows mark how sources nucleusdominated (circles) and host-dominated (squares) move in the plot from the value derived from the decomposition (open symbols) to that corrected as described in x 3.1. Stars emphasize the cases in which we find low X-ray bolometric correction. The error bars reported represent the mean uncertainties in the derived quantities. The dashed lines define the region in the plane in which the sources are confined on the base of the hard X-ray luminosity range sampled (bottom line: L 2Y8 keV ¼ 10 42 ergs s À1 ; top line: L 2Y8 keV ¼ 1:7 ; 10 44 ergs s À1 , the highest value in our sample) and assuming two bracketing values for the X-ray bolometric correction (k X; min ¼ 3 and k X max ¼ 50, respectively). Dots mark data from Vestergaard & Peterson (2006) for PG QSOs at redshift z 0:4. [See the electronic edition of the Journal for a color version of this figure.] large central BH ). On the basis of our data and of the results of other authors ( Woo & Urry 2002; McLure & Dunlop 2004; Warner et al. 2004; Kollmeier et al. 2006; Vestergaard & Peterson 2006) , we can conclude that low-luminosity objects (L bol P 10 44 ergs s À1 ) exhibit a large range of values of Eddington ratio (10 À3 P k P 1), while at high luminosity (L bol k 10 46 ergs s À1 ) the range is limited to 10 À1 P k P a few. The result can also be represented as a decline of the average value of the Eddington ratio with decreasing bolometric luminosity. This behavior coupled with the shift of AGN luminosity function toward lower luminosity since z ' 2:5, may mimic a decrease of the Eddington ratio with decreasing redshift (see, e.g., McLure & Dunlop 2004; Vestergaard 2004; Volonteri et al. 2006) . It is worth noting that Salucci et al. (1999) , Marconi et al. (2004) , and Shankar et al. (2004) have shown that a dependence of k on luminosity and/or on redshift is required in order to match the local BH mass function to the mass function estimated from the evolution of the luminosity function of the AGNs.
4. A remarkable feature of the studied sample is the small number of AGNs with mass M BH P 10 6 M emitting at Eddington ratio k $ 1, which are expected to show up at this redshift and luminosity range. We stress here that X-ray surveys at faint limits are very efficient in selecting these low-luminosity AGNs, because of the maximum contrast with the host galaxy. Therefore, we do not expect that the CDF-N and CDF-S X-ray surveys are missing objects at least up to z ' 1 (unless they are extremely absorbed, with N H > 10 23 cm
À2
; see Fig. 14 in Tozzi et al. 2006 ). The X-ray sources lying in the GOODS fields have been optically identified practically at 100% level (see Table A1 , col.
[4]). Selecting only ''isolated'' objects without companions within a radius of 2 00 decreases our sample from 53 to 34 objects (see Table A1 Table A1 ). Keeping this radius constant, we are in fact increasing the physical radius with the redshift. The increasing number of non ''isolated'' objects with redshift is the consequence of this choice and of the possible increase of really interacting galaxies. On the other hand, since the host luminosity distribution of pairs in active and normal samples does not show statistically significant differences, and does not differ dramatically from that of isolated galaxies (Virani et al. 2000; Bergvall et al. 2003) , we do not expect that the excluded objects would alter our conclusion. Nevertheless, we caution that our conclusion on the dearth of objects with low BH mass and with accretion rate near the Eddington limit is solid in the range of redshift 0:4 < z < 0:8. It is worth recalling here that the BH masses reported in Figures 6 and 10 have been estimated, following McLure & Dunlop (2002) , through equation (1), which yields values a factor about 1.5Y2 lower than those evaluated through the M bulge -M BH relations proposed by Kormendy & Gebhardt (2001) and Marconi & Hunt (2003) . If the scarcity is real, a possible explanation is that the bulk of the mass is accreting on smaller SMBHs at high redshift, when the stellar bulge is also built up. Later, both large and small SMBHs are on average accreting at low rates. In this case the k $ 1 accretion phase occurs at z ! 1, outside the limit of our primary selection. In addition to that, the lack of small SMBHs can mirror a significant decrease in number density of BHs with M BH 10 6 M . Shankar et al. (2005) found a fall-off of the ratio between BH and halo mass at M BH 5 ; 10 6 M , by comparing their respective mass functions. It is worth noting that this behavior is predicted in models of galaxy and AGN formation, in which the BH grows in parallel with the old stellar bulge component and the stellar and AGN feedback affects the efficiency of the gas to cool and form stars (Granato et al. 2001; Granato et al. 2004 ).
Our analysis reveals that most of the low-luminosity X-rayselected AGNs in the explored redshift and luminosity intervals are powered by massive BHs M BH ! 3 ; 10 6 M and, as a consequence, that we are mostly witnessing a renewal at low-level activity, in galaxies with only small amount of cold gas in the central regions. Probably, most of the BH mass that we typically find in objects of our sample has been accreted during a higher luminosity phase. Sporadic activity at low accretion rate has been also observed in EROs at z < 2 (Brusa et al. 2005) . It is very likely that short and sporadic activity is the rule for the SMBHs after the bright QSOs phase. Although the inferred low Eddington ratios can be even sustained for significant time intervals by a number of galactic processes, minor mergers, and/or instabilities in the host galaxy induced by satellites are often invoked (see, e.g., Cavaliere & Vittorini 2002) . On the other hand, Waskett et al. (2005) claim that the environment of a sample of low-luminosity hard X-ray-selected AGNs is the same of normal inactive galaxies in the same range of redshift and with similar optical properties. Moreover, recent attempts to find statistical evidence of recent merging in AGN host galaxies at z $ 0:4 Y1:3 are negative (Grogin et al. 2005 ).
CONCLUSIONS
We have presented the results of a morphological and photometric analysis of a sample of X-ray-selected AGNs in the GOODS fields with redshifts between 0.4 and 1. The sample is representative of AGNs in the luminosity range 10 42 L 2Y8 keV 5 ; 10 43 , which are responsible for a large fraction of the XRBs in the selected redshift range (see, e.g., Ueda et al. 2003) . The imaging capability of HST and the large spectral coverage from B to z bands allowed for an accurate separation of the bulge and nuclear luminosity for the 34 objects in our sample.
The bolometric luminosity has been computed for each AGN by linking with standard templates the intrinsic X-ray luminosity and the nuclear luminosity in the UV and optical bands. We estimated the central BH mass from the bulge luminosity, under the assumption that their relationship observed in the local Universe is already in place since z $ 1. We do not find any significant correlation of X-ray luminosities with either BH masses or Eddington ratios.
The main findings of this work are the following.
1. As expected, this X-ray-selected sample is characterized by a high ratio of X-rayYtoYoptical nuclear luminosity with respect to the values found for optically selected AGNs; we confirm the increase of this ratio with decreasing UV luminosity down to L 2500 8 $ 10 27 ergs s À1 Hz
À1
. 2. By comparing the X-ray bolometric corrections in our lowluminosity AGNs with that of bright QSOs, we obtain a trend of decreasing the X-ray bolometric correction factor k X with the luminosity.
3. We find rather low Eddington ratios for our low bolometric luminosity sample. A comparison with higher luminosity samples suggests that the scatter in Eddington ratios is increasing with decreasing luminosity. This is a consequence of the expected increase of probability of low Eddington ratios with decreasing bolometric luminosity.
4. The estimated BH masses span a wide range of values; but we do find only 10% of nuclei with M BH 10 6 M emitting near the Eddington limit, at least at redshift z < 0:8. This paucity could mirror a decrease in the number density of BHs with M BH 10 6 M , or indicate that also for these smaller BHs the bulk of the accretion takes place at z ! 1.
APPENDIX B TWO-DIMENSIONAL PHOTOMETRIC DECOMPOSITION
In this Appendix we present details on the morphological analysis carried out on GOODS ACS images for the 34 sources listed in Table 1 . In order to disentangle the main galactic components (nucleus, bulge, and disk), we performed a two-dimensional image decomposition, taking advantage of images in four different passbands. In our analysis we assume a galaxy model composed of a bulge (described by a de Vaucouleur model) and a disk (modeled with an exponential function). Moreover, we always assume the presence of a nuclear source, obtained by adding a point-spread function ( PSF) component to the above model. We also assume that, for each component, position angle, axial ratio and optical radius are the same for each passband.
To make the fit we use GALFIT ( Peng et al. 2002) , a two-dimensional image decomposition program designed to accurately model galaxy profiles and to extract nuclear point sources, combining simultaneously an arbitrary number of profiles. The fitting algorithm constructs a model image, convolves it with a PSF, and finally compares the result with the data. During the fit, the reduced 2 is minimized using a Levenberg-Marquardt algorithm ( Press et al. 1997) . The uncertainties as a function of the pixel position used to calculate the reduced 2 are the Poisson errors, and are generated on the basis of the GAIN and the READ-NOISE parameters, recovered using the Weight Map Images provided by the GOODS Team. Finally, in order to construct our own PSF for each band, we have identified in the GOODS ACS images a number of point sources and have averaged them.
The initial guesses for the parameters (magnitudes, scale length, position angle, and semiminor axis to semimajor axis ratio) are drawn from the GOODS ACS public catalog (see footnote 12). In particular, magnitudes reported in this catalog refer to the whole galaxy, while GALFIT requires an initial value for each component: as a starting point, we split the observed value ascribing the same flux to each component. The decomposition has been carried out in a three-step analysis (with a number of free parameters different from step to step); a schematic diagram representing the whole process of analysis is shown in Figure 11 .
1. The galaxy is first modeled as pure disk + nucleus in the B and V filters, with a two-component independent fit, while we assume for the i and z bands a pure bulge + nucleus description. By comparing the results of the four bands we find a first indication about the position angle ( P.A.) and the axis ratio (b/a) for both the disk and bulge components, and new guesses for the centers and the radii.
2. Morphological parameters are refined assuming the three components (nucleus, bulge, and disk) in all the bands:
(a) Centers and radii found during the first step are introduced as new guesses. The centers of the three components are constrained to differ at most by AE0.1 pixel.
(b) If the P.A. is not well determined in the previous step, we rerun GALFIT, constraining the disk P.A. to be within AE2 deg of the bulge parameter.
(c) We fix P.A. and b/a to the values obtained in the previous run of GALFIT or in the first step.
3. A final run of GALFIT provides the magnitudes associated to each component; centers, radii, P.A., and b/a are fixed to the values found in the previous step. For each component, they are assumed to be the same in all bands. Only the total fluxes of all components are left free and derived in this last step.
For a number of sources, the quality of one or more ACS images is significantly below average (e.g., due to the source location near the edge of the GOODS field). Because of the number of free parameters, we require the same quality of data in a region of at least 60 pixels. In addition, we require that all the four images meet this requirement in order to perform the analysis. We checked that the objects for which these requirements are not satisfied have a random distribution in luminosity, redshift, or spectral classification; so we are confident that rejecting these sources does not introduce any kind of bias against a particular class of objects.
For the same reason mentioned above, objects lying in crowded fields have been excluded from the analysis. As an operational criterion, we reject objects showing a nearby companion within a projected radius of 2 00 (i.e., $13 kpc at the mean redshift of sources in sample B), without considering if they are really interacting or if it is only a projection effect. In such a way, we discard 19 objects, i.e., 36% of the selected X-ray sources. Figure 12 shows the distribution in redshift, hard X-ray luminosity, and i-band magnitude of the sources rejected for having at least one bad cutout (thick solid line) or classified as ''not isolated'' (following the above definition; dashed line), compared with the distributions for the analyzed sources (thin solid line; hatched areas show the same distributions for the sources for which we are confident that the results from the morphological decomposition are reliable).
Results of the analysis are reported in Table 2 (magnitudes of bulge, disk, and nucleus) and Table 3 ( host galaxy morphological parameters). The errors reported in Table 2 have been evaluated as follows: considering the image in a single filter, we fix all the parameters but the three magnitudes; to determine the range of variability for the magnitude of one component, we increase Ámag in steps of 0.05 and perform a new fit with the two other magnitudes as free parameters until the variation of 2 with respect to the best-fit value is Á 2 ¼ 1 (68% confidence level). For each source, we repeat this procedure for each component in each passband.
A practical way to test the reliability of our estimates is to repeat the analysis using the ACS Ultra Deep Field ( UDF; see Beckwith et al. 2003) , which is contained in the CDF-S GOODS area. Unfortunately, none of the sources analyzed in the present sample lies inside the region covered by the UDF. We have identified one X-ray source with properties outside but very close to our selection criteria ( ID 516, CDF-S; z ¼ 0:665, and L X ¼ 8:22 ; 10 41 ergs s À1 ). For this object we have carried out the analysis described above both for the GOODS images and for the UDF data. The photometric differences between the GOODS and UDF analysis turn out to be within the uncertainties estimated in the GALFIT decomposition of the GOODS images (about 0.3 mag). The derived quantities M BH (see x 4.1) and k (see x 5) differ of $0.18 dex, consistent with our estimate of the errors (see Table 5 ). 
